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Abstract of JP 11265520 (A) 



PROBLEM TO BE SOLVED: To provide a small- 
sized and light-weight adjacent field optical head in 
a simple constitution capable of increasing the 
relative speed of a recording medium and the optical 
head, and to provide an optical recording and 
reproducing device using the same. SOLUTION: On 
a slider 1 , pads 2 provided so as to control the 
contact or floating state of the slider 1 and an 
information recording medium 1 1 and a probe 4 for 
generating an adjacent field light 9 of a fine spot size 
are mounted adjacent to each other. A 
semiconductor laser beam converged by an 
objective lens is converted to an adjacent field light 
9 of the fine size near the tip of the adjacent field 
light generation probe 4. The slider 1 floats from a 
recording medium substrate 10 by several 10 nm 
and travels, and information 12 is recorded and 
reproduced to/from the recording medium 11 formed 
on the substrate 1 0 by the adjacent field light 9. 
Thus, this small-sized optical recording and 
reproducing device in a simple constitution of a 
super high recording density and a high transfer 
speed is constituted. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]An optically transparent slider which carries out relative motion contacting an information 
recording medium while maintaining an almost fixed interval, A pillar-shaped pad which is provided on 
a field of said information recording medium and said slider which counters, and controls contact of said 
slider and said information recording medium, or a state of surfacing, A near field light head, wherein it 
has a probe of cone shape which generates near field light of a minute spot size, and said pad and said 
probe approach and are formed. 

[Claim 2]The near field light head according to claim 1 to which height of said probe is characterized by 
being lower than height of said pad. 

[Claim 3]The near field light head according to claim 2, wherein an opaque thin film is optically formed 
on said probe. 

[Claim 4]The near field light head according to claim 3, wherein said thing [ that an opaque thin film is 
metal optically ]. 

[Claim 5]The near field light head according to claim 4 arranging so that said pad may surround said 
probe. 

[Claim 6]The near field light head according to claim 5 characterized by arranging said pad and said 
probe so that it may let a gap of a portion which said pad is divided into two or more portions at least, 
and was divided pass and may look down at said probe. 

[Claim 7]The near field light head according to claim 5, wherein it has further the opening which a 
structure of said probe exposed in a tip end part of said probe and said opening and the surface of said 
metal thin film have become it at the same flat surface mostly. 

[Claim 8] A processing method of a near field light head processing a probe into cone structure by 
etching by exposure of a particle beam in a processing method of a near field light head which processes 
the probe according to claim 4. 

[Claim 9]A processing method of a near field light head forming an opening by irradiating with and 

etching a particle beam into said thin film in a processing method of a near field light head which 

processes the probe according to claim 4. 

[Claim 10]Optical recording playback equipment comprising: 

The near field light head according to claim 4. 

A light source which provides irradiation light to said near field light head. 
An optical recording medium. 

A light-receiving means to detect a modulating signal by a recording medium of near field light 
generated by said near field light head. 

[Claim 1 1]A means to condense irradiation light to said probe in the optical recording playback 
equipment according to claim 1 0, A means to detect a gap of a focal position and a probe position of 
illumination light condensed by said condensing means, and optical recording playback equipment 
having a movable mechanism which amends a relative position of said condensing means and said 
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probe. 

[Claim 12]In the optical recording playback equipment according to claim 1 1, a movable mechanism 
which amends a relative position of said condensing means and said probe, and said condensing means, 
Optical recording playback equipment carrying on a movable mechanism which is separated from other 
components which constitute a light information recording and reproducing device, and makes said 
condensing means access a position of a recording medium. 

[Claim 13] A pad which carries out an information recording medium and relative motion and which 
controls an interval of a transparent slider, and said information recording medium and said slider 
optically, A near field light head, wherein it has a probe of cone shape which generates near field light 
and said pad and said probe are approached and formed on a field of said information recording medium 
and said slider which counters. 

[Claim 14]The near field light head according to claim 13 to which height of said probe is characterized 
by being lower than height of said pad. 

[Claim 15]The near field light head according to claim 14, wherein an opaque thin film is optically 
formed on said probe. 

[Claim 16]The near field light head according to claim 15, wherein said thing [ that an opaque thin film 
is metal optically ]. 

[Claim 17]The near field light head according to claim 16 arranging so that said pad may surround said 
probe. 

[Claim 18]The near field light head according to claim 17 characterized by arranging said pad and said 
probe so that it may let a gap of a portion which said pad is divided into two or more portions at least, 
and was divided pass and may look down at said probe. 

[Claim 19]The near field light head according to claim 17, wherein it has further the opening which a 
structure of said probe exposed in a tip end part of said probe and said opening and the surface of said 
metal thin film have become it at the same flat surface mostly. 

[Claim 20] A near field light head which is provided with the following and characterized by forming 
said pad and said probe on a field of said information recording medium and said slider which counters 
so that said probe may be located between said pads. 

An optically transparent slider which carries out an information recording medium and relative motion. 
Two or more pillar-shaped pads which control an interval of said slider and said information recording 
medium. 

A probe of cone shape which generates near field light of a minute spot size. 
[Claim 21]A near field light head comprising: 

A slider which considers mutual movement as an information recording medium and which consists of a 
transparent substance optically. 

A pad which controls an interval of said slider and said information recording medium. 
A lens which condenses a laser beam to said probe. 

A probe of cone shape which generates near field light by a laser beam condensed with said lens, It is 
said probe to a center of putt which it has a metal thin film which coats said probe, and the wear 
prevention thin film formed in a field of said pad which counters said information recording medium, 
and said pad was divided into four, and was divided. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to the processing method of a near field light 
head and a near field light head which is super-high recording density and was suitable for enlarging a 
transfer rate, and an optical information processing device about the processing method of a near field 
light head and a near field light head, and an optical information processing device. 
[0002] 

[Description of the Prior ArfJThe optical recording adapting near field light attracts attention as a 
method of attaining the densification of an optical disk unit in recent years. For example, the tip of an 
optical fiber is processed into cone shape as indicated from 142 pages of applied physics Letters, 61 
volumes, and No. 2 to 144 pages (Applied Physics Lettes, Vol.62, No.2, pp. 142- 144- 1992), The probe 
which covered except several 10-nm field at the tip with the metaled tunic is produced, this is carried in 
the precision actuator using a piezo-electric element, a position is controlled, and the example which 
carried out record reproduction of the recording mark 60 nm in diameter on the multilayer film of 
platina/cobalt is reported. In the case of this example, the Xia force method which applied atomic force 
to the distance control of a probe and a recording medium is used, and storage density reaches [ square 
inch ] in 45 gigabits /, and can be made into about 20 times of the actual condition. While condensing 
light with a lens at a minute pinhole in JP,3-171434,A and generating near field light, How to control the 
distance between said minute pinholes and a recording medium using the atomic force which generates 
said detailed pinhole between the cantilever and recording medium which were formed at the tip, And a 
light source, a lens, and the slider that stored minute pinholes are arranged on a medium, exhaust air 
surfacing of the slider is carried out, and the method of controlling the distance between minute pinholes 
and a recording medium is devised. 
[0003] 

[Problem(s) to be Solved by the Invention]In a light information recording and reproducing device, in 
order to enlarge the transfer rate of information, it is necessary to enlarge relative velocity of the optical 
head which carries out record reproduction of a recording medium and the information. 
[0004]However, in the first conventional example adapting the Xia force method which applied atomic 
force to the distance control of a probe and a recording medium of the above. Since it is necessary using 
a scanning force microscope to control very precisely the distance of a recording medium and an optical 
head, i.e., a fiber probe, When the disk which recorded information is rotated at high speed, change of 
the substrate of high frequency and the distance of a probe produced with the eccentricity of a disk 
cannot be controlled, and there is a problem that a transfer rate cannot be gathered. 
[0005]In the conventional example adapting a cantilever, change of capacitance and laser interference 
measurement are used as a detecting method of displacement of a cantilever, The large-scale optical 
system other than the irradiation optical system which generates approaching space thru/or the 
capacitance system of measurement were needed, and there was a problem that a device was enlarged 
and complicated. In a 3531 to 3533 pages [ of applied physics Letters, 68 volumes, and No. 25 ] 
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(AppliedPhysics Lettes, Vol.68, No.25, pp.3531-3533-1996) example. Although the back of a cantilever 
is irradiated with a laser beam and the optical-lever method which changes displacement of a cantilever 
into movement of the light spot on a linear photo-diode, and detects it is used as a detecting method of 
displacement of a cantilever, The large-scale optical system other than the irradiation optical system 
which generates approaching space also in this case was needed, and there was a problem that a device 
was enlarged and complicated. 

[0006]In the conventional example which arranges on a medium a light source, a lens, and the slider that 
stored minute pinholes, many optics, such as a light source and a lens, are carried on the slider. For this 
reason, the mass of a slider will increase, the flattery performance to the vertical vibration 
accompanying rotation of a recording medium will deteriorate, and construction of a device will become 
impossible. Loading of a concrete pinhole, a laser light source, and a lens and a formation method are 
not indicated by said JP,3-171434,A. 

[0007]The purpose of this invention can enlarge relative velocity of the optical head which carries out 
record reproduction of a recording medium and the information, in order to enlarge the transfer rate of 
information of the super-high-density optical recording reproduction speed adapting the probe for near- 
field-light generating. And providing unnecessary small size, the near field light head of lightweight and 
simple composition, and the optical recording playback equipment using it has the additional equipment 
for detecting the distance of a recording medium and an optical head. 
[0008] 

[Means for Solving the Problem]The following means were adopted in order to solve an aforementioned 
problem. 

[0009]An optically transparent slider top which carries out relative motion contacting an information 
recording medium while maintaining an almost fixed interval and rising to surface, A pillar provided on 
said information recording medium and a field which counters in order to control contact of said slider 
and said information recording medium thru/or a state of surfacing thru/or a square pillar-shaped pad, 
Approach and a probe which generates near field light of a minute spot size is formed, Height from said 
pad, said information recording medium of a slider of said probe, and a field that counters spreads 
abbreviation etc., and height from said information recording medium of said probe and a field which 
counters makes it smaller than height from said information recording medium of said pad, and a field 
which counters. Thereby, an approaching space head is a slider and really formed and a head used with 
the conventional magnetic disk drive, and small size and a near field light head of lightweight and 
simple composition with the same performance can be constituted. Small size and since it becomes 
lightweight, a slider becomes possible [ enlarging relative velocity of an optical head which carries out 
record reproduction of a recording medium and the information ]. 

[0010]In [ further again ] a tip end part of said probe in forming an opaque thin film, for example, a 
metal thin film, optically on said pad and said probe in said near field light head ****, When the surface 
of a portion which had the structure which an object which constitutes said probe has exposed, and has 
exposed said probe, and the surface of said metal thin film produce a minute opening which becomes the 
same flat surface substantially, it enables it to generate near field light of minute size. 
[001 l]It lets a gap of a portion which has arranged said pad section in said near field light head so that 
said probe may be surrounded, divided said pad section into two or more portions at least further again, 
and was divided from the pad side pass, By arranging so that looking down at said probe may be 
possible, it makes it possible to process probe shape into arbitrary cone structures, or to produce a 
minute opening by irradiating with and etching a particle beam from the side. 
[00 1 2]Optical recording playback equipment of super high density can be constituted using a light- 
receiving means to detect a modulating signal by said near field light head, light source which provides 
illumination light to said near field light head, optical recording medium, and a recording medium of 
near field light generated by said near field light head. 
[0013] 

[Embodiment of the Invention]Hereafter, the example of this invention is described using a drawing. 
[00 14] Drawing 1 is one example of this invention, and it is the sectional view where drawing 1 (a) met 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 8/12/2009 



JP,1 1-265 520, A [DETAILED DESCRIPTION] 



Page 3 of 9 



the perspective view of the near field light head of this invention, and drawing I (b) met AA of drawing 
1(a). 

[0015]In drawing 1 (a), 1 is a slider which consists of a transparent substance optically. In this example, 
since the case where a semiconductor laser with a wavelength of 780 nm was used as a light source was 
explained, the construction material of the slider chose quartz, but it is not limited to this. 2 to 3 is the 
pad provided in order to control the state of surfacing of a slider and the information recording medium 
1 1 . In this example, three pads are provided in the slider bottom. The one pad 2 of them is divided into 
four, and the probe 4 of the pyramid type for near-field-light generating is formed in the center. The 
probe 4 is coated with the with a number of thickness of 10 nm metal thin film 5 as shown in drawing 1 
(b). the thin film 6 for the prevention from wear, for example, a carbon film, resembles the field which 
counters the recording medium of the pads 2-3 and the other slider, and membranes are formed by about 
10 nm in it. In drawing 1 (b), 7 is an object lens for condensing the semiconductor laser beam 8 to the 
probe 4 for near-field-light generating. The condensed semiconductor laser beam 8 is changed into the 
near field light 9 of minute size near the tip of the near-field-light generating probe 4. From the 
recording-medium board 10, as for a slider, 10 nm of numbers surface, it runs, and record of the 
information 12 to the recording medium 1 1 formed on the substrate 10 of said near field light 9 and 
reproduction are performed. 

[0016]Here, height h . of the probe 5 must be made smaller than height h of the pad 2. As drawing 1 (b) 
showed, from the recording-medium board 1 1, only several 10 nm of sliders surface, and run. The upper 
surface of the pad 2 hits the sliding surface of a slider and the recording-medium board 1 1 . For this 
reason, when the situation where a slider and a recording-medium board contact during the record 
reproduction operation by this head occurs, the pad upper surface contacts a recording-medium board. If 
height h of the probe 4 is larger than height h of the pad 2 at this time, a recording-medium board will 
contact the end of the probe, and wear of a probe will be caused. In order to prevent this, it is necessary 
to make h certainly smaller than h. It is necessary it not only to to make h smaller than h, but to make the 
difference of h and h very small. It is known that the intensity of the near field light 9 will decrease 
rapidly if the distance from the end of the probe becomes larger than it although the distance from the 
end of the probe does not change a lot to the size grade of the end of the probe. The size of the end of the 
probe in the case of this example is several 10 to 100 nm, and when the distance of a probe and a 
medium becomes large more, the intensity of the near field light 10 will become very small on the 
recording medium 1 1. In order for several 10 nm of sliders to surface and to run from a recording 
medium surface, and to keep the distance of a probe and a medium at 100 from the size of the end of the 
probe, i.e., several 10, nm or less, It is necessary to make h and h almost the same and to also keep the 
distance of the end of the probe and a recording medium surface at about several 10 nm at the time of a 
slider run. For the purpose, the difference of h and h must be controlled by nm order. This point is a big 
point of this near field light head production, and a manufacturing method is explained in full detail 
later. 

[0017]If the near field light head in which the above probes for approaching space generating were a 
slider and really formed is used, the head used with the conventional magnetic disk drive, and small size 
and the near field light head of lightweight and simple composition with the same performance can be 
constituted. And small size and since it becomes lightweight, a slider can enlarge relative velocity of the 
optical head which carries out record reproduction of a recording medium and the information, and it 
becomes possible to improve the transfer rate of information. 

[0018]Next, the probe for near-field-light generating used by this example is explained in full detail 
using drawing 6 from drawing 2 . 

[0019]The enlarged drawing of the pyramid-shaped probe with which drawing 2 (a) was used by 
drawing 1 , and drawing 2 (b) are the enlarged drawings of the probe of trianglepole shape. In the field 
(parallel to the polarization direction of the semiconductor laser beam 8) where drawin g 2 (c) passes 
along the middle points B and B of two neighborhoods at the bottom through the vertex of a pyramid in 
drawing 2 (a), and drawjngj2_(b), The sectional view in the field (parallel to the polarization direction of 
the semiconductor laser beam 8) passing through the middle point C, C, and C of three neighborhoods of 
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a triangular prism is expressed. 

[0020] When the probe 4 is formed with quartz, it is [ in / drawing 2 (a) / thin film 151 which is formed 
on the probe 4 / metal ] selectable in various kinds of things. However, high efficiency is obtained when 
a certain specific relation between the half width theta of a metaled kind and the vertical angle of the 
pyramid shown by drawing 2 (c) is. It is condensed near the tip of the probe 4 and the semiconductor 
laser beam 8 can consider mostly that the wave front is a flat surface. In this case, if the above- 
mentioned angle theta and a metaled kind are combined suitably, the surface plasma wave 16 will be 
excited in the metal thin film 5. A surface plasma wave can be spread also in a tens of nm thin metal 
membrane, and the semiconductor laser beam changed into the surface plasma wave can be efficiently 
spread to the end of the probe, and can make the near field light 9 generate at high efficiency. For 
example, if quartz is used as a probe, when using aluminum as metal, theta uses gold about 42 degrees 
and theta uses silver about 44 degrees, theta may be about 44 degrees. In drawing 2 (b), since the shape 
of the probe 13 is a triangular prism, the light collected near the end of the probe is condensed only in a 
field parallel to the section CCC. things ~ a sake - drawing 2 - (-- the linear near field light 1 5 occurs 
in the case of a), and a thing. High efficiency will be obtained if the half width theta of the vertical angle 
and the relation of the kind of metal 14 are set up the same with having explained above also in shape 
like drawing 2 (b). 

[0021 production is easy although the size in particular of the probes 4 and 13 is not limited, If it, for 
example, considers that all the laser beams are effectively condensed by the probe in consideration of 
the condensing spot being about 1 .3 micrometers when the laser beam 8 with a wavelength of 780 nm is 
condensed with the object lens 7 of the numerical aperture 0.6, For example, in the case of drawing 2 
(a), it is desirable for one side of the square at the bottom of a pyramid to be 3 to 4 micrometers. 
Although it is desirable to be referred to as about 3 to 4 micrometers as for a length of two sides parallel 
to the section CCC in the case of drawing 2 (b), two sides vertical to the section CCC choose various 
values with the spot size of the near field light 15. 

[0022] Drawing 3 is an example in case the probe 17 is conical shape. If the half width theta of a conic 
vertical angle and the relation of the kind of metal 1 8 formed on a probe satisfy the above specific 
conditions also in this case, it is possible to generate the near field light 10 at high efficiency. 
[0023] Drawing 4 is another example of the probe for near-field-light generating. The probe with which 
the tip end part of the pyramid-shaped probe 5 with which drawing 4 (a) was shown by drawing 2 (a) 
was excised, The probe and drawing 4 (c) from which the tip end part of the triangular prism shape 13 
shown by drawing 2 (b) was excised drawing 4 (b). In the field (parallel to the polarization direction of 
the semiconductor laser beam 8) which passes along four points of the middle points D and D of two 
sides of the quadrangle of the upper surface of a truncated four-sided pyramid, and the middle points D 
and D of two sides of a quadrangle at the bottom in drawing 4 (a), and drawing 4 (b). The sectional view 
in the field (parallel to the polarization direction of the semiconductor laser beam 8) which passes along 
four points of the middle points E and E of two sides of the quadrangle of the upper surface on the upper 
surface of a probe and the middle points E and E of two sides of a quadrangle at the bottom is expressed. 

[0024]In drawing 4 (a), as for the probe 19, the tip of a pyramid is excised and the opening 21 is formed. 
In the probe with which the opening is formed, it is used as a light-shielding film of the semiconductor 
laser beam 8 by which the opaque thin film 20, for example, a metal membrane, was optically 
condensed with the object lens formed in the probe surface. In this case, the size of the near field light 

22 used for record reproduction becomes what the light to the metal membrane sank into size d of the 
opening 21, and applied the depth. If the processing method explained in full detail later is used, an 
opening with a size of about 20 nm can be formed at the minimum. As metal for protection from light, 
various metal, such as gold, silver, platinum, aluminum, and chromium, is used. Light with a 
wavelength [ to these metal ] of 780 nm sinks in, and typically, the depth is 10 to 20 nm, as mentioned 
above can form a minimum of about 40-nm near field light spot. In drawing 4 (b), the shape of the probe 

23 is a triangular prism, and since it is a rectangle also with long and slender shape of the opening 25, 
the linear near field light 26 occurs. In this case, although the size of the near field light in the section 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 8/12/2009 



JP,1 1-265520,A [DETAILED DESCRIPTION] 



Page 5 of 9 



EEEE is the same as the case of d rawing 4 (a), it is freely selectable by choosing the length of the 
neighborhood with a longer rectangle in the size of the section EEEE and a perpendicular direction. 
[0025]If the value of the vertical angle phi of the probe shown by drawing 4 (c) is made into about about 
30 to 60 degrees, the probe of high transmission efficiency will be obtained. If phi is too small, the 
length of the taper part of a probe will become large. The light which generally spreads space will not be 
able to be spread in a field smaller than the size about the wavelength of light, but much light power will 
be absorbed by the metal membranes 20 thru/or 24 in the example of drawing 4 (c). For this reason, 
transmission efficiency becomes small. On the other hand, if phi becomes large too much, almost all 
lights will be reflected from a probe. Therefore, in order that the value of phi may press down leakage 
**** of the light to a metal membrane and may press down reflection, it is desirable to use the range of 
the suitable above-mentioned value. 

[0026]Production is easy although the size in particular of the probes 19 and 23 is not limited, If it, for 
example, considers that all the laser beams are effectively condensed by the probe in consideration of 
the condensing spot being about 1 .3 micrometers when the laser beam 8 with a wavelength of 780 nm is 
condensed with the object lens 7 of the numerical aperture 0.6, For example, in the case of drawin g 4 
(a), it is desirable for one side of the square at the bottom of a pyramid to be 3 to 4 micrometers. 
Although it is desirable to be referred to as about 3 to 4 micrometers as for a length of two sides parallel 
to the section EEEE in the case of drawing 4 (b), two sides vertical to the section EEEE choose various 
values with the spot size of the near field light 26, as stated above. 

[0027]The probe 27 is conical shape and drawing 5 is an example of a forming [ the neighborhood of the 
peak is excised and / the circular opening 29 ] case. Also in this case, the size of the near field light 30 
can become what the light to the light-shielding film 28 sank into the size of the opening 29, and applied 
the depth to it, and can choose size of about a minimum of 40 nm. Like the case of drawing 4 (c) 
mentioned above, if the size of the half width phi of a conic vertical angle is made into about 30 to 60 
degrees, it can acquire high transmission efficiency. 

[0028]In the case of the probe which has an opening like the probes 19, 23, and 27, research which 
acquires the further high transmission efficiency is done about the probe produced by carrying out 
chemical etching of the optical fiber. For example, to 2614 pages (Applied physics Letters, Vol.69, 
No. 19, pp.26 12-26 14- 1996), from 2612 pages of applied physics Letters, the 69th volume, and No. 19 
like drawing 6 (b). The vertical angle of the probe 3 1 is changed into two steps, the vertical angle of the 
portion of a root is small, and leakage **** of the light to the metal membrane 32 is pressed down by 
enlarging the vertical angle of the portion at a tip, and the reflection from the probe 3 1 is pressed down, 
and it is indicated that a probe with high transmission efficiency can be obtained. Also in this invention, 
if the processing method mentioned later is used, a probe with high transmission efficiency like drawin g 
6_(b) can be obtained easily. To 1758 pages (Applied physics Letters, Vol.71, No.13, pp.1756-1758- 
1997), from 1756 pages of applied physics Letters, the 71st volume, and No. 13, like drawing 6 (c). It is 
indicated by by making shape of the probe 35 unsymmetrical to the center line of a probe, and exciting a 
surface plasma wave that a probe with high transmission efficiency can be obtained. Also in this 
invention, if the processing method mentioned later is used, a probe with high transmission efficiency 
like drawing 6 (c) can be obtained easily. 

[0029]Drawi ng 7 is the second example of this invention adapting a contact type slider. It is the 
sectional view where drawing 7 (a) met the perspective view of the near field light head of this example, 
and drawing 7 (b) met FF of drawing 7 (a). 

[0030]In drawing 7 (a), the pad 2 provided in order to control the contact state of the slider 1 and the 
information recording medium 1 1 is formed on the slider 1 which consists of a transparent substance 
optically. In the example of drawing 1 , although three pads were provided in the slider bottom, only the 
pad 2 divided into four is formed at this example. The probe 4 of the pyramid type for near-field-light 
generating is formed in the center of the pad 2. The probe 4 is coated with the with a number of 
thickness of 10 nm metal thin film 5 as shown in drawing 7 (b). the thin film 6 for the prevention from 
wear, for example, a carbon film, resembles the field which counters the recording medium of the pad 2 
and the other slider, and membranes are formed by about 10 nm in it. Although drawing 7 (b) showed 
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the example using a material separate as the metal thin film 5 and the thin film 6 for the prevention from 
wear, Since the paragraph of 6 described the excitation characteristic of the surface plasma wave from 
drawing 4 which has an opening again in the case of the probe described as abrasion resistance by the 
paragraph of 3 from d rawing 2 without an opening, in the case of a probe, it is the material with which it 
can be satisfied of both protection-from-light characteristics, for example, a chromium film, It is also 
possible to cover the slider bottom and a probe surface. Then, production processes become still easier. 
In a recording medium surface, the several nanometers carbon film 39 for the prevention from wear is 
formed, and several nanometers lubricant of polymers is too applied on it. The abrasion resistance of the 
recording medium 1 1 is raised by this carbon film and lubricant. The slider 1 runs contacting the 
recording-medium board 10, and record of the information 12 to the recording medium 1 1 formed on the 
substrate 10 of said near field light 9 and reproduction are performed. 

[003 l] Drawing 8 is the third example of this invention which used the risen [ to surface ] type slider. It 
is the sectional view where drawing 8 (a) met the perspective view of the near field light head of this 
example, and drawing 8 (b) met GG of drawing 8 (a). 

[0032]In drawing 8 (a), the pads 2 and 3 provided on the slider 1 which consists of a transparent 
substance optically in order to control the state of surfacing of a slider and the information recording 
medium 1 1 are formed. In this example, three pads are provided in the slider bottom. The one pad 2 of 
them is divided into four, and the probe 4 of the pyramid type for near-field-light generating is formed in 
the center. In this example, the height of four divided small pads which were provided in the pad 2 is 
designed smaller than the height from the pad 2 whole and the slider bottom of the pad 3. By doing in 
this way, the size of the probe 4 cannot be caused how but the height from the slider bottom to the pad 
upper surface can be designed freely. Thereby, the flying height of a slider can be set up arbitrarily. The 
height of four divided small pads which were provided in the pad 2 is slightly set up highly from the 
height of the probe 4 like Example 1 . Since the height of a small pad can be freely set up according to 
the shape of a probe, and size, without taking the flying height of a slider into consideration, the 
flexibility of probe production becomes large. 

[0033]Although explained as a probe taking the case of the thing of the shape of drawing 2 (a), the slider 
shape of Examples 2 and 3 is completely applicable [ from drawing 2 ] in the above-mentioned 
Examples 2 and 3, similarly about all the other probe shape shown in drawing 6 . 
[0034] Drawing 9 and drawing 10 are the figures which were shown in drawing 8 from drawing 1 and in 
which showing the making process of a near field light head. 

[0035]First, like drawing 9 (a), the photoresist 40 is applied, exposed and developed on the substrate 1, 
and it leaves as a mask only the pads 2 and 3 and the portion which produces the probe 4. Next, the 
mask pattern formed by drawing 9 (a) is transferred to the substrate 1 by the dry etching using argon gas 
like drawing 9 (b), for example. Next, like drawing 9 (c), after removing the photoresist 40, the 
protective film 6 which protects the slider bottom and a pad surface is formed by sputtering process etc. 
Next, a probe is processed into a predetermined form like drawing 9 (d) by etching using the focused ion 
beam (Focused Ion Beam: call it FIB for short below) 41 . In FIB processing, when using gallium ion, 
for example, accelerating voltage shall be tens of kV and beam current is set to about several 10 pA. The 
beam size in the converging position of FIB41 at this time is several 10 nm, and is sufficient resolution 
to produce the probe of this invention. Since the position which irradiates with ion freely is controllable, 
looking at the secondary electron image acquired by taking the secondary electron image to emit, 
irradiating with ion the sample which should be processed in FIB processing, various processings are 
short time and it can carry out easily. It etches in processing of the above-mentioned probe, glaring from 
the one side face of a substrate first to the central projection which should process ion to a probe through 
between the pads 2. Thereby, the form of a central projection is processed into the shape of a triangular 
prism from a rectangular parallelepiped. When producing the probe 13 and 23, finally processing is now. 
When producing pyramid-shaped probes, such as the probe 4, A substrate is rotated 90 degrees around 
an axis parallel to the medial axis of a probe, from the direction of the beam in the case of the first 
etching, and the direction which makes 90 degrees, irradiating with ion through between the pads 2 
again, it etches and the shape of a cone is processed eventually. Although all the floor to floor time in 
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this case is based also on the construction material of a substrate, it is about 10 minutes. By applying 
such FIB processing from a substrate side, and producing a probe, the height of a pad and the height of a 
probe are equal in general, and the height of a probe can process them small slightly from the height of a 
pad. Like drawing 9 (e) after FIB processing, a pad and the other slider bottoms are covered by the 
photoresist 40, only the surroundings of a probe are exposed, and the metal membrane 5 is formed on a 
probe. Finally, by the lift-off method, the metal formed on a pad and the other slider bottoms is 
removed, and production [ like ] of a near field light head is completed to drawing 9 (f). 
[003 6] When producing the probe which has the opening shown by 6 from drawing 4 , the probe of the 
state of completed drawing 9 (f) is again irradiated with FIB41 from the side like drawing 10 , and a tip 
end part is excised. The size of the size of an opening is freely changeable by controlling the amount of 
cuts shown in drawing 10. According to this method, as shown in drawing 10, it becomes flat [ the 
excised tip of a probe ] and the height does not exceed the height of a pad. Therefore, the end of the 
probe can collide with the recording medium 1 1 , and cannot be damaged, and reliability can be 
improved.. When producing the probe of the special shape shown in drawing 6 (b) and (c), it etches 
controlling the current beam position according to shape in the case of the FIB processing of drawing 9 
(d). Thus, it is a big effect of this processing method using FIB that arbitrary probe shape can be formed 
by short floor to floor time. 

[0037] Drawing 11 is a perspective view adapting the near field light head of this invention of optical 
recording playback equipment. The disk 43 which consists of the recording-medium board 10 and the 
recording-medium film 1 1 is attached to the axis 44 connected with the spindle motor fixed to the base 
42, and rotates. Relative motion is carried out to the slider 1 which carries one near field light head of 8 
from drawing 2 in this rotational movement. It is fixed to the base 42, the actuator 49 which positions 
the slider 1 is also, and the arm 50 and the suspension 52 are attached to the flexible region 48. The 
flexible region 48 revolves around the medial axis, and moves the slider attached at the tip of the 
suspension 52 to the radial direction of the disk 43. In using a disk with a small tracking pitch, it 
attaches to the tip part of the arm 50 the actuator 5 1 which enables positioning still more detailed than 
the actuator 49. It lets the cable which the connector 46 was connected and was connected to the 
connector 46 pass in the interface 45 fixed to the base 42, and supply of the power supply for driving 
this device, the record reproduction command to a device, the input of recorded information, and the 
output of reproduction information are performed to it. Supply of the laser beam to a near field light 
head and detection of recorded information, detection of the position gap information from the track of a 
slider, and detection of a position gap of an object lens and a slider are performed using the optical head 
53 fixed to the base, although drawing 12 explains for details. The movable part 54 in which the actuator 
to which a galvanomirror, an object lens, and an object lens are moved was carried is installed directly 
under the slider. Although not indicated to the sun at drawing 1 1 , the movable part 54 is followed and 
moved to the radial direction of the disk 43 by the slider 1 with the actuator to which the whole movable 
part is moved. 

[0038]Next, operation of the above-mentioned optical head 53 and the movable part 54 is explained in 
detail using drawing 12 . After the laser beam generated by the semiconductor laser 55 is changed into a 
collimated beam with the collimate lens 56, it passes the beam splitter 57 and can change a direction 
with the galvanomirror 58. The laser beam which was able to change the direction with the 
galvanomirror 58 is condensed with the object lens 7 on the probe 4, near field light is generated, and 
record to the recording medium formed on the disk 43 and playback are performed. Although hereafter 
explained taking the case of the probe 4 (and slider 1 which carries it) shown in drawing 2 (a) as a probe, 
even if it uses which probe (and slider which carries it) indicated from drawing 2 to drawing 8 . the 
following contents are completely the same. It passes along the object lens 7, a direction can be again 
changed with the galvanomirror 58, it reflects by the beam splitter 57, and the laser beam which had 
intensity modulated by the information on a recording medium is led to a detection system. In a 
detection system, detection of a read signal and the focus of a laser beam and the detection of a position 
gap of the optical axis direction of the probe 4 which were condensed with the object lens 7, and 
detection of a position gap of an optic axis and a perpendicular direction are performed. A position gap 
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of an optic axis, a vertical laser beam focus, and the probe 4, be condensed with the lens 60 and be alike 
beam splitter 61 - it condenses with the lens 63 which condenses only to one way, for example, a 
cylindrical lens, to up to the quadrisection photodetector 64, and the divided laser beam is performed 
using the focal error detection system called what is called astigmatic method. The quadrisection 
photodetector 62 performs detection of a gap of the focus of a laser beam, the optic axis of the probe 4, 
and a perpendicular direction as follows. If the focus of a laser beam carries out a position gap at the 
radial direction of the probe 4 and the disk 43, imbalance will arise in the sum signal of the detector A of 
a quadrisection photodetector, and the detector C, and the sum signal of the detector B and the detector 
D. Therefore, a position gap is detectable if the difference of these sum signals is used. On the other 
hand, if the focus of a laser beam shifts to the hoop direction of the probe 4 and the disk 43, imbalance 
will arise in the sum signal of the detector A of a quadrisection photodetector, and the detector B, and 
the sum signal of the detector C and the detector D. Therefore, a position gap is detectable if the 
difference of these sum signals is used. With the two-dimensional actuator 59 attached to the 
surroundings of an object lens, using these position gap signals a position gap of the focus of a laser 
beam and the optical axis direction of the probe 4, and a position gap of the hoop direction of the disk 
43, With the actuator to which inclination of the mirror 58 attached to the galvanomirror 58 is moved. 
The focus of an object lens can always be doubled with the probe 4, and near field light can be made to 
generate efficiently by amending a position gap of the radial direction of the focus of a laser beam and 
the disk 43 of the probe 4. Finally, for example as a recording medium formed on the disk, playback of 
recorded information is performed using the intensity of the sum signal of all the detectors of the two 
quadrisection detectors 62 and 64, when using a what is called phase change type recording medium and 
the concavo-convex recording medium only for playback. 

[0039]Next, positioning in this invention and servo technology are explained using drawing 13 . In 
drawing 13 , 65 to 71 shows seven in many code tracks formed on the disk. 72 is an address mark group 
which identifies a track number, differs for every track and detects on which track the probe 4 is located 
by this mark. The wobble mark 73 and the clock mark 74 are formed in each track. In the case of the 
record reproduction of information, the probe 4 moves upwards from under a figure in drawing 13 . The 
probe 4 passes through the wobble mark 73 top, after a clock is created through the clock mark 74. 
When the position of the probe has shifted from the track center, imbalance arises from two continuous 
wobble marks to a signal, the difference of these signals is taken, and it is considered as a tracking error 
signal. The actuator 49 is driven according to this error signal (supposing it is attached also in case of 
actuator 51), and alignment of the probe 4 is carried out to a track center. Since the object lens 7 
operates so that the focus of a laser beam may always be located on the probe 4 as mentioned above, the 
servo of it is followed and carried out to the servo operation of the above [ the focus of a laser beam ]. 
After the probe 4 passes through the wobble mark 73 top, it passes through the address mark 72 top, and 
it goes into up to the Records Department 75 which records information, and record reproduction of 
information is performed. 

[0040]Next, the seek operation to which the probe 4 is moved to the target track is described. In seek 
operation, the position which should record the information specified from the external control device, 
and should be reproduced is compared with the position of the actual probe 4 detected by the 
quadrisection photodetectors 62 and 64 from the system controller 47 of drawing 11 . Based on this 
comparison result, the positioning actuator 49 is driven (supposing it is attached also in case of actuator 
51), and the probe 4 is positioned on the predetermined track on a disk. At this time, the object lens 7 so 
that the focal position of a laser beam and the position of the probe 4 may be in an optical axis direction 
and a flat surface vertical to an optic axis and may not shift to the hoop direction of a disk, While a servo 
is carried out with the actuator 59, to the sun, it is not indicated at drawing 12 , but it is followed and 
moved to the slider 1 which carries a probe by the actuator made to move the flexible region 54 whole to 
the radial direction of a disk. The slider 1 and the flexible region 54 are very lightweight, and can 
shorten time which seeking takes for this reason just like [ usual ] a magnetic disk drive. 
[0041] Drawing 14 is a figure showing other examples of this invention. Drawing 14 (a) is the example 
which was accumulated on the slider 1 and the object lens 76 gave. As the lens 76, the lens adapting 
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diffraction gratings, such as a Fresnel lens besides the lens of the usual curved surface shape, can be 
used. Drawing 14 (b) is the example in which the semiconductor laser 77 and the photodetector 79 
besides the object lens 78 were carried on the slider 1 . In this case, about the plane lens using diffraction 
gratings, such as a Fresnel lens, as the object lens 78, if a surface emission-type laser is used as a 
semiconductor laser, a device will become very small. In the example of drawing 14 (b), the focus of a 
laser beam and the mutual alignment of the probe 4 become completely unnecessary, and the optical 
head parts 53 and 54 indicated to drawing 1 1 and drawing 12 become unnecessary. If it has such 
composition, an equipment configuration turns into the completely same composition as the present 
magnetic disk drive, and can constitute very thin and small optical recording playback equipment. 
[0042] Drawing 15 is a figure in which a book shows the example of further others of an invention. 
Although the old example showed the example for performing detection of information using the 
catoptric light from a probe, drawing 15 shows the example which uses the transmitted light from a disk. 
The regenerative signal from the information 12 is condensed on the detector 82 with the object lens 80. 
When using an optical magnetic recording medium as the optical recording medium 1 1, it detects by 
inserting further the element 81 which controls the polarization direction of the transmitted light in front 
of the detector 82. 

[0043] Above, three pads were provided in the bottom of the slider 1, and the one pad 2 of them is 
divided into four, and has explained the example in which the probe 4 of the pyramid type for near-field- 
light generating is formed in the center. Like drawing 16 , it is also possible to have still easier 
composition. In drawing 1 6 (a), the three pads 2 are formed in the bottom of the slider 1 . It approaches 
inside one of pads of it, and the probe 4 of the pyramid type for near-field-light generating is formed. It 
is possible to use the probe of the shape of a gap to be shown in drawing 6 from drawing 2 as the probe 
4. In drawing 16 , although the example of the risen [ to surface ] type slider corresponding to drawing 1 
was shown, it is also possible to use the contact type slider of drawin g 7 . The probe 4 the pad 83 
installed by the probe 4 for near-field-light generating approaching like drawing 8 in dr awing 16 (b) and 
for near-field-light generating is formed in common foundation top of one 84, The height of the pad 83 
is an example currently designed smaller than the height from the slider bottom of other pad pads 3. In 
these examples, there is an advantage that the structure of a slider is easy and the production becomes 
easier. 
[0044] 

[Effect of the Inventionjlt is possible to enlarge relative velocity of the optical head which carries out 
record reproduction of a recording medium and the information, in order to enlarge the transfer rate of 
information as mentioned above according to this invention, And the additional equipment for detecting 
the distance of a recording medium and an optical head becomes possible [ providing the near field light 
head of unnecessary small size and lightweight and simple composition, and the optical recording 
playback equipment using it ]. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention]Especially this invention relates to the processing method of a near field light 
head and a near field light head which is super-high recording density and was suitable for enlarging a 
transfer rate, and an optical information processing device about the processing method of a near field 
light head and a near field light head, and an optical information processing device. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art]The optical recording adapting near field light attracts attention as a 
method of attaining the densification of an optical disk unit in recent years. For example, the tip of an 
optical fiber is processed into cone shape as indicated from 142 pages of applied physics Letters, 61 
volumes, and No. 2 to 144 pages (Applied Physics Lettes, Vol.62, No.2, pp. 142- 144- 1992), The probe 
which covered except several 10-nm field at the tip with the metaled tunic is produced, this is carried in 
the precision actuator using a piezo-electric element, a position is controlled, and the example which 
carried out record reproduction of the recording mark 60 nm in diameter on the multilayer film of 
platina/cobalt is reported. In the case of this example, the Xia force method which applied atomic force 
to the distance control of a probe and a recording medium is used, and storage density reaches [ square 
inch ] in 45 gigabits /, and can be made into about 20 times of the actual condition. While condensing 
light with a lens at a minute pinhole in JP,3-171434,A and generating near field light, How to control the 
distance between said minute pinholes and a recording medium using the atomic force which generates 
said detailed pinhole between the cantilever and recording medium which were formed at the tip, And a 
light source, a lens, and the slider that stored minute pinholes are arranged on a medium, exhaust air 
surfacing of the slider is carried out, and the method of controlling the distance between minute pinholes 
and a recording medium is devised. 
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EFFECT OF THE INVENTION 



[Effect of the IhventionJIt is possible to enlarge relative velocity of the optical head which carries out 
record reproduction of a recording medium and the information, in order to enlarge the transfer rate of 
information as mentioned above according to this invention, And the additional equipment for detecting 
the distance of a recording medium and an optical head becomes possible [ providing the near field light 
head of unnecessary small size and lightweight and simple composition, and the optical recording 
playback equipment using it ]. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]In a light information recording and reproducing device, in 
order to enlarge the transfer rate of information, it is necessary to enlarge relative velocity of the optical 
head which carries out record reproduction of a recording medium and the information. 
[0004]However, in the first conventional example adapting the Xia force method which applied atomic 
force to the distance control of a probe and a recording medium of the above. Since it is necessary using 
a scanning force microscope to control very precisely the distance of a recording medium and an optical 
head, i.e., a fiber probe, When the disk which recorded information is rotated at high speed, change of 
the substrate of high frequency and the distance of a probe produced with the eccentricity of a disk 
cannot be controlled, and there is a problem that a transfer rate cannot be gathered. 
[0005]In the conventional example adapting a cantilever, change of capacitance and laser interference 
measurement are used as a detecting method of displacement of a cantilever, The large-scale optical 
system other than the irradiation optical system which generates approaching space thru/or the 
capacitance system of measurement were needed, and there was a problem that a device was enlarged 
and complicated. In a 3531 to 3533 pages [ of applied physics Letters, 68 volumes, and No. 25 ] 
(AppliedPhysics Lettes, Vol.68, No.25, pp.353 1-3533-1996) example. Although the back of a cantilever 
is irradiated with a laser beam and the optical-lever method which changes displacement of a cantilever 
into movement of the light spot on a linear photo-diode, and detects it is used as a detecting method of 
displacement of a cantilever, The large-scale optical system other than the irradiation optical system 
which generates approaching space also in this case was needed, and there was a problem that a device 
was enlarged and complicated. 

[0006]In the conventional example which arranges on a medium a light source, a lens, and the slider that 
stored minute pinholes, many optics, such as a light source and a lens, are carried on the slider. For this 
reason, the mass of a slider will increase, the flattery performance to the vertical vibration 
accompanying rotation of a recording medium will deteriorate, and construction of a device will become 
impossible. Loading of a concrete pinhole, a laser light source, and a lens and a formation method are 
not indicated by said JP,3-171434,A. 

[0007]The purpose of this invention can enlarge relative velocity of the optical head which carries out 
record reproduction of a recording medium and the information, in order to enlarge the transfer rate of 
information of the super-high-density optical recording reproduction speed adapting the probe for near- 
field-light generating. And providing unnecessary small size, the near field light head of lightweight and 
simple composition, and the optical recording playback equipment using it has the additional equipment 
for detecting the distance of a recording medium and an optical head. 
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MEANS 



[Means for Solving the Problem]The following means were adopted in order to solve an aforementioned 
problem. 

[0009] An optically transparent slider top which carries out relative motion contacting an information 
recording medium while maintaining an almost fixed interval and rising to surface, A pillar provided on 
said information recording medium and a field which counters in order to control contact of said slider 
and said information recording medium thru/or a state of surfacing thru/or a square pillar-shaped pad, 
Approach and a probe which generates near field light of a minute spot size is formed, Height from said 
pad, said information recording medium of a slider of said probe, and a field that counters spreads 
abbreviation etc., and height from said information recording medium of said probe and a field which 
counters makes it smaller than height from said information recording medium of said pad, and a field 
which counters. Thereby, an approaching space head is a slider and really formed and a head used with 
the conventional magnetic disk drive, and small size and a near field light head of lightweight and 
simple composition with the same performance can be constituted. Small size and since it becomes 
lightweight, a slider becomes possible [ enlarging relative velocity of an optical head which carries out 
record reproduction of a recording medium and the information ]. 

[0010]In [ further again ] a tip end part of said probe in forming an opaque thin film, for example, a 
metal thin film, optically on said pad and said probe in said near field light head ***■*, When the surface 
of a portion which had the structure which an object which constitutes said probe has exposed, and has 
exposed said probe, and the surface of said metal thin film produce a minute opening which becomes the 
same flat surface substantially, it enables it to generate near field light of minute size. 
[001 l]It lets a gap of a portion which has arranged said pad section in said near field light head so that 
said probe may be surrounded, divided said pad section into two or more portions at least further again, 
and was divided from the pad side pass, By arranging so that looking down at said probe may be 
possible, it makes it possible to process probe shape into arbitrary cone structures, or to produce a 
minute opening by irradiating with and etching a particle beam from the side. 
[0012]Optical recording playback equipment of super high density can be constituted using a light- 
receiving means to detect a modulating signal by said near field light head, light source which provides 
illumination light to said near field light head, optical recording medium, and a recording medium of 
near field light generated by said near field light head. 
[0013] 

[Embodiment of the Invention]Hereafter, the example of this invention is described using a drawing. 
[00 14] Drawing 1 is one example of this invention, and it is the sectional view where drawing 1 (a) met. 
the perspective view of the near field light head of this invention, and drawing 1 (b) met AA of drawing 
L(a). 

[0015]In drawing 1 (a), 1 is a slider which consists of a transparent substance optically. In this example, 
since the case where a semiconductor laser with a wavelength of 780 nm was used as a light source was 
explained, the construction material of the slider chose quartz, but it is not limited to this. 2 to 3 is the 
pad provided in order to control the state of surfacing of a slider and the information recording medium 
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1 1 . In this example, three pads are provided in the slider bottom. The one pad 2 of them is divided into 
four, and the probe 4 of the pyramid type for near-field-light generating is formed in the center. The 
probe 4 is coated with the with a number of thickness of 10 nm metal thin film 5 as shown in drawin g 1 
(b). the thin film 6 for the prevention from wear, for example, a carbon film, resembles the field which 
counters the recording medium of the pads 2-3 and the other slider, and membranes are formed by about 
10 nm in it. In drawing 1 (b), 7 is an object lens for condensing the semiconductor laser beam 8 to the 
probe 4 for near-field-light generating. The condensed semiconductor laser beam 8 is changed into the 
near field light 9 of minute size near the tip of the near-field-light generating probe 4. From the 
recording-medium board 10, as for a slider, 10 nm of numbers surface, it runs, and record of the 
information 12 to the recording medium 1 1 formed on the substrate 10 of said near field light 9 and 
reproduction are performed. 

[0016]Here, height h of the probe 5 must be made smaller than height h of the pad 2. As drawing 1 (b) 
showed, from the recording-medium board 11, only several 10 nm of sliders surface, and run. The upper 
surface of the pad 2 hits the sliding surface of a slider and the recording-medium board 1 1. For this 
reason, when the situation where a slider and a recording-medium board contact during the record 
reproduction operation by this head occurs, the pad upper surface contacts a recording-medium board. If 
height h of the probe 4 is larger than height h of the pad 2 at this time, a recording-medium board will 
contact the end of the probe, and wear of a probe will be caused. In order to prevent this, it is necessary 
to make h certainly smaller than h. It is necessary it not only to to make h smaller than h, but to make the 
difference of h and h very small. It is known that the intensity of the near field light 9 will decrease 
rapidly if the distance from the end of the probe becomes larger than it although the distance from the 
end of the probe does not change a lot to the size grade of the end of the probe. The size of the end of the 
probe in the case of this example is several 10 to 100 nm, and when the distance of a probe and a 
medium becomes large more, the intensity of the near field light 10 will become very small on the 
recording medium 1 1 . In order for several 1 0 nm of sliders to surface and to run from a recording 
medium surface, and to keep the distance of a probe and a medium at 100 from the size of the end of the 
probe, i.e., several 10, nm or less, It is necessary to make h and h almost the same and to also keep the 
distance of the end of the probe and a recording medium surface at about several 10 nm at the time of a 
slider run. For the purpose, the difference of h and h must be controlled by nm order. This point is a big 
point of this near field light head production, and a manufacturing method is explained in full detail 
later. 

[0017]If the near field light head in which the above probes for approaching space generating were a 
slider and really formed is used, the head used with the conventional magnetic disk drive, and small size 
and the near field light head of lightweight and simple composition with the same performance can be 
constituted. And small size and since it becomes lightweight, a slider can enlarge relative velocity of the 
optical head which carries out record reproduction of a recording medium and the information, and it 
becomes possible to improve the transfer rate of information. 

[0018]Next, the probe for near-field-light generating used by this example is explained in full detail 
using drawing 6 from drawin g 2. 

[0019]The enlarged drawing of the pyramid-shaped probe with which drawing 2 (a) was used by 
drawing 1 . and drawing 2 (b) are the enlarged drawings of the probe of trianglepole shape. In the field 
(parallel to the polarization direction of the semiconductor laser beam 8) where drawing 2 (c) passes 
along the middle points B and B of two neighborhoods at the bottom through the vertex of a pyramid in 
drawing 2 (a), and drawing 2 (b), The sectional view in the field (parallel to the polarization direction of 
the semiconductor laser beam 8) passing through the middle point C, C, and C of three neighborhoods of 
a triangular prism is expressed. 

[0020]When the probe 4 is formed with quartz, it is [ in / drawing 2 (a) / thin film / 5 / which is formed 
on the probe 4 / metal ] selectable in various kinds of things. However, high efficiency is obtained when 
a certain specific relation between the half width theta of a metaled kind and the vertical angle of the 
pyramid shown by drawing 2 (c) is. It is condensed near the tip of the probe 4 and the semiconductor 
laser beam 8 can consider mostly that the wave front is a flat surface. In this case, if the above- 
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mentioned angle theta and a metaled kind are combined suitably, the surface plasma wave 16 will be 
excited in the metal thin film 5. A surface plasma wave can be spread also in a tens of nm thin metal 
membrane, and the semiconductor laser beam changed into the surface plasma wave can be efficiently 
spread to the end of the probe, and can make the near field light 9 generate at high efficiency. For 
example, if quartz is used as a probe, when using aluminum as metal, theta uses gold about 42 degrees 
and theta uses silver about 44 degrees, theta may be about 44 degrees. In drawing 2 (b), since the shape 
of the probe 13 is a triangular prism, the light collected near the end of the probe is condensed only in a 
field parallel to the section CCC. things -- a sake - drawing 2 - (- the linear near field light 1 5 occurs 
in the case of a), and a thing. High efficiency will be obtained if the half width theta of the vertical angle 
and the relation of the kind of metal 14 are set up the same with having explained above also in shape 
like drawing 2 (b). 

[0021 Production is easy although the size in particular of the probes 4 and 13 is not limited, If it, for 
example, considers that all the laser beams are effectively condensed by the probe in consideration of 
the condensing spot being about 1 .3 micrometers when the laser beam 8 with a wavelength of 780 nm is 
condensed with the object lens 7 of the numerical aperture 0.6, For example, in the case of drawing 2 
(a), it is desirable for one side of the square at the bottom of a pyramid to be 3 to 4 micrometers. 
Although it is desirable to be referred to as about 3 to 4 micrometers as for a length of two sides parallel 
to the section CCC in the case of drawing 2 (b). two sides vertical to the section CCC choose various 
values with the spot size of the near field light 15. 

[0022] Drawing 3 is an example in case the probe 17 is conical shape. If the half width theta of a conic 
vertical angle and the relation of the kind of metal 18 formed on a probe satisfy the above specific 
conditions also in this case, it is possible to generate the near field light 10 at high efficiency. 
[0023] Drawing 4 is another example of the probe for near-field-light generating. The probe with which 
the tip end part of the pyramid-shaped probe 5 with which drawing 4 (a) was shown by drawing 2 (a) 
was excised, The probe and drawing 4 (c) from which the tip end part of the triangular prism shape 13 
shown by drawing 2 (b) was excised drawing 4 (b\ In the field (parallel to the polarization direction of 
the semiconductor laser beam 8) which passes along four points of the middle points D and D of two 
sides of the quadrangle of the upper surface of a truncated four-sided pyramid, and the middle points D 
and D of two sides of a quadrangle at the bottom in drawing 4 (a), and drawing 4 (b). The sectional view 
in the field (parallel to the polarization direction of the semiconductor laser beam 8) which passes along 
four points of the middle points E and E of two sides of the quadrangle of the upper surface on the upper 
surface of a probe and the middle points E and E of two sides of a quadrangle at the bottom is expressed. 

[0024]In drawing 4 (a), as for the probe 19, the tip of a pyramid is excised and the opening 21 is formed. 
In the probe with which the opening is formed, it is used as a light-shielding film of the semiconductor 
laser beam 8 by which the opaque thin film 20, for example, a metal membrane, was optically 
condensed with the object lens formed in the probe surface. In this case, the size of the near field light 

22 used for record reproduction becomes what the light to the metal membrane sank into size d of the 
opening 21, and applied the depth. If the processing method explained in full detail later is used, an 
opening with a size of about 20 nm can be formed at the minimum. As metal for protection from light, 
various metal, such as gold, silver, platinum, aluminum, and chromium, is used. Light with a 
wavelength [ to these metal ] of 780 nm sinks in, and typically, the depth is 10 to 20 nm, as mentioned 
above can form a minimum of about 40-nm near field light spot. In drawing 4 (bh the shape of the probe 

23 is a triangular prism, and since it is a rectangle also with long and slender shape of the opening 25, 
the linear near field light 26 occurs. In this case, although the size of the near field light in the section 
EEEE is the same as the case of drawing 4 (a), it is freely selectable by choosing the length of the 
neighborhood with a longer rectangle in the size of the section EEEE and a perpendicular direction. 
[0025]If the value of the vertical angle phi of the probe shown by drawing 4 (c) is made into about about 
30 to 60 degrees, the probe of high transmission efficiency will be obtained. If phi is too small, the 
length of the taper part of a probe will become large. The light which generally spreads space will not be 
able to be spread in a field smaller than the size about the wavelength of light, but much light power will 
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be absorbed by the metal membranes 20 thru/or 24 in the example of drawing 4 (c). For this reason, 
transmission efficiency becomes small. On the other hand, if phi becomes large too much, almost all 
lights will be reflected from a probe. Therefore, in order that the value of phi may press down leakage 
**** of the light to a metal membrane and may press down reflection, it is desirable to use the range of 
the suitable above-mentioned value. 

[0026]Production is easy although the size in particular of the probes 19 and 23 is not limited, If it, for 
example, considers that all the laser beams are effectively condensed by the probe in consideration of 
the condensing spot being about 1 .3 micrometers when the laser beam 8 with a wavelength of 780 nm is 
condensed with the object lens 7 of the numerical aperture 0.6, For example, in the case of drawing 4 
(a), it is desirable for one side of the square at the bottom of a pyramid to be 3 to 4 micrometers. 
Although it is desirable to be referred to as about 3 to 4 micrometers as for a length of two sides parallel 
to the section EEEE in the case of drawing 4 (b), two sides vertical to the section EEEE choose various 
values with the spot size of the near field light 26, as stated above. 

[0027]The probe 27 is conical shape and drawing 5 is an example of a forming [ the neighborhood of the 
peak is excised and / the circular opening 29 ] case. Also in this case, the size of the near field light 30 
can become what the light to the light-shielding film 28 sank into the size of the opening 29, and applied 
the depth to it, and can choose size of about a minimum of 40 nm. Like the case of drawing 4 (c) 
mentioned above, if the size of the half width phi of a conic vertical angle is made into about 30 to 60 
degrees, it can acquire high transmission efficiency. 

[0028]In the case of the probe which has an opening like the probes 19, 23, and 27, research which 
acquires the further high transmission efficiency is done about the probe produced by carrying out 
chemical etching of the optical fiber. For example, to 2614 pages (Applied physics Letters, Vol.69, 
No. 19, pp.26 12-26 14- 1996), from 2612 pages of applied physics Letters, the 69th volume, and No. 19 
like drawing 6 (b). The vertical angle of the probe 3 1 is changed into two steps, the vertical angle of the 
portion of a root is small, and leakage **** of the light to the metal membrane 32 is pressed down by 
enlarging the vertical angle of the portion at a tip, and the reflection from the probe 3 1 is pressed down, 
and it is indicated that a probe with high transmission efficiency can be obtained. Also in this invention, 
if the processing method mentioned later is used, a probe with high transmission efficiency like drawing 
6_(b) can be obtained easily. To 1758 pages (Applied physics Letters, Vol.71, No. 13, pp. 1756-1758- 
1997), from 1756 pages of applied physics Letters, the 71st volume, and No. 13, like drawing 6 (c). It is 
indicated by by making shape of the probe 35 unsymmetrical to the center line of a probe, and exciting a 
surface plasma wave that a probe with high transmission efficiency can be obtained. Also in this 
invention, if the processing method mentioned later is used, a probe with high transmission efficiency 
like drawing 6 (c) can be obtained easily. 

[0029] Drawing 7 is the second example of this invention adapting a contact type slider. It is the 
sectional view where drawing 7 (a) met the perspective view of the near field light head of this example, 
and drawing 7 (b) met FF of drawing 7 (a). 

[0030]In drawing 7 (a), the pad 2 provided in order to control the contact state of the slider 1 and the 
information recording medium 1 1 is formed on the slider 1 which consists of a transparent substance 
optically. In the example of draw ing 1, although three pads were provided in the slider bottom, only the 
pad 2 divided into four is formed at this example. The probe 4 of the pyramid type for near-field-light 
generating is formed in the center of the pad 2. The probe 4 is coated with the with a number of 
thickness of 10 nm metal thin film 5 as shown in drawing 7 (b). the thin film 6 for the prevention from 
wear, for example, a carbon film, resembles the field which counters the recording medium of the pad 2 
and the other slider, and membranes are formed by about 10 nm in it. Although drawing 7 (b) showed 
the example using a material separate as the metal thin film 5 and the thin film 6 for the prevention from 
wear, Since the paragraph of 6 described the excitation characteristic of the surface plasma wave from 
drawing 4 which has an opening again in the case of the probe described as abrasion resistance by the 
paragraph of 3 from drawing 2 without an opening, in the case of a probe, it is the material with which it 
can be satisfied of both protection- from-light characteristics, for example, a chromium film, It is also 
possible to cover the slider bottom and a probe surface. Then, production processes become still easier. 
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In a recording medium surface, the several nanometers carbon film 39 for the prevention from wear is 
formed, and several nanometers lubricant of polymers is too applied on it. The abrasion resistance of the 
recording medium 1 1 is raised by this carbon film and lubricant. The slider 1 runs contacting the 
recording-medium board 10, and record of the information 12 to the recording medium 1 1 formed on the 
substrate 10 of said near field light 9 and reproduction are performed. 

[0031] Drawing 8 is the third example of this invention which used the risen [ to surface ] type slider. It 
is the sectional view where drawing 8 (a) met the perspective view of the near field light head of this 
example, and drawing 8 (b) met GG of drawing 8 (a). 

[0032]In drawing 8 (a), the pads 2 and 3 provided on the slider 1 which consists of a transparent 
substance optically in order to control the state of surfacing of a slider and the information recording 
medium 1 1 are formed. In this example, three pads are provided in the slider bottom. The one pad 2 of 
them is divided into four, and the probe 4 of the pyramid type for near-field-light generating is formed in 
the center. In this example, the height of four divided small pads which were provided in the pad 2 is 
designed smaller than the height from- the pad 2 whole and the slider bottom of the pad 3. By doing in 
this way, the size of the probe 4 cannot be caused how but the height from the slider bottom to the pad 
upper surface can be designed freely. Thereby, the flying height of a slider can be set up arbitrarily. The 
height of four divided small pads which were provided in the pad 2 is slightly set up highly from the 
height of the probe 4 like Example 1 . Since the height of a small pad can be freely set up according to 
the shape of a probe, and size, without taking the flying height of a slider into consideration, the 
flexibility of probe production becomes large. 

[003 3] Although explained as a probe taking the case of the thing of the shape of drawing 2 (a), the slider 
shape of Examples 2 and 3 is completely applicable [ from drawing 2 ] in the above-mentioned 
Examples 2 and 3, similarly about all the other probe shape shown in drawing 6 . 
[0034] Drawing 9 and drawing 10 are the figures which were shown in drawing 8 from drawing 1 and in 
which showing the making process of a near field light head. 

[0035]First, like drawing 9 (a), the photoresist 40 is applied, exposed and developed on the substrate 1 , 
and it leaves as a mask only the pads 2 and 3 and the portion which produces the probe 4. Next, the 
mask pattern formed by drawing 9 (a) is transferred to the substrate 1 by the dry etching using argon gas 
like drawing 9 (b), for example. Next, like drawing 9 (c), after removing the photoresist 40, the 
protective film 6 which protects the slider bottom and a pad surface is formed by sputtering process etc. 
Next, a probe is processed into a predetermined form like drawing 9 (d) by etching using the focused ion 
beam (Focused Ion Beam: call it FIB for short below) 41 . In FIB processing, when using gallium ion, 
for example, accelerating voltage shall be tens of kV and beam current is set to about several 10 pA. The 
beam size in the converging position of FIB41 at this time is several 10 nm, and is sufficient resolution 
to produce the probe of this invention. Since the position which irradiates with ion freely is controllable, 
looking at the secondary electron image acquired by taking the secondary electron image to emit, 
irradiating with ion the sample which should be processed in FIB processing, various processings are 
short time and it can carry out easily. It etches in processing of the above-mentioned probe, glaring from 
the one side face of a substrate first to the central projection which should process ion to a probe through 
between the pads 2. Thereby, the form of a central projection is processed into the shape of a triangular 
prism from a rectangular parallelepiped. When producing the probe 13 and 23, finally processing is now. 
When producing pyramid-shaped probes, such as the probe 4, A substrate is rotated 90 degrees around 
an axis parallel to the medial axis of a probe, from the direction of the beam in the case of the first 
etching, and the direction which makes 90 degrees, irradiating with ion through between the pads 2 
again, it etches and the shape of a cone is processed eventually. Although all the floor to floor time in 
this case is based also on the construction material of a substrate, it is about 10 minutes. By applying 
such FIB processing from a substrate side, and producing a probe, the height of a pad and the height of a 
probe are equal in general, and the height of a probe can process them small slightly from the height of a 
pad. Like drawing 9 (e) after FIB processing, a pad and the other slider bottoms are covered by the 
photoresist 40, only the surroundings of a probe are exposed, and the metal membrane 5 is formed on a 
probe. Finally, by the lift-off method, the metal formed on a pad and the other slider bottoms is 
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removed, and production [ like ] of a near field light head is completed to drawing 9 (f). 
[003 6] When producing the probe which has the opening shown by 6 from drawing 4 , the probe of the 
state of completed drawing 9 (f) is again irradiated with FIB41 from the side like drawing 10 , and a tip 
end part is excised. The size of the size of an opening is freely changeable by controlling the amount of 
cuts shown in drawing 10 . According to this method, as shown in drawing 10 , it becomes flat [ the 
excised tip of a probe ] and the height does not exceed the height of a pad. Therefore, the end of the 
probe can collide with the recording medium 11, and cannot be damaged, and reliability can be 
improved. When producing the probe of the special shape shown in drawing 6 (b) and (c), it etches 
controlling the current beam position according to shape in the case of the FIB processing of drawing 9 
(d). Thus, it is a big effect of this processing method using FIB that arbitrary probe shape can be formed 
by short floor to floor time. 

[0037] Drawing 11 is a perspective view adapting the near field light head of this invention of optical 
recording playback equipment. The disk 43 which consists of the recording-medium board 10 and the 
recording-medium film 1 1 is attached to the axis 44 connected with the spindle motor fixed to the base 
42, and rotates. Relative motion is carried out to the slider 1 which carries one near field light head of 8 
from drawing 2 in this rotational movement. It is fixed to the base 42, the actuator 49 which positions 
the slider 1 is also, and the arm 50 and the suspension 52 are attached to the flexible region 48. The 
flexible region 48 revolves around the medial axis, and moves the slider attached at the tip of the 
suspension 52 to the radial direction of the disk 43. In using a disk with a small tracking pitch, it 
attaches to the tip part of the arm 50 the actuator 5 1 which enables positioning still more detailed than 
the actuator 49. It lets the cable which the connector 46 was connected and was connected to the 
connector 46 pass in the interface 45 fixed to the base 42, and supply of the power supply for driving 
this device, the record reproduction command to a device, the input of recorded information, and the 
output of reproduction information are performed to it. Supply of the laser beam to a near field light 
head and detection of recorded information, detection of the position gap information from the track of a 
slider, and detection of a position gap of an object lens and a slider are performed using the optical head 
53 fixed to the base, although drawing 12 explains for details. The movable part 54 in which the actuator 
to which a galvanomirror, an object lens, and an object lens are moved was carried is installed directly 
under the slider. Although not indicated to the sun at drawing 11 , the movable part 54 is followed and 
moved to the radial direction of the disk 43 by the slider 1 with the actuator to which the whole movable 
part is moved. 

[0038]Next, operation of the above-mentioned optical head 53 and the movable part 54 is explained in 
detail using drawing 12 . After the laser beam generated by the semiconductor laser 55 is changed into a 
collimated beam with the collimate lens 56, it passes the beam splitter 57 and can change a direction 
with the galvanomirror 58. The laser beam which was able to change the direction with the 
galvanomirror 58 is condensed with the object lens 7 on the probe 4, near field light is generated, and 
record to the recording medium formed on the disk 43 and playback are performed. Although hereafter 
explained taking the case of the probe 4 (and slider 1 which carries it) shown in drawing 2 (a) as a probe, 
even if it uses which probe (and slider which carries it) indicated from drawin g 2 to drawing 8 . the 
following contents are completely the same. It passes along the object lens 7, a direction can be again 
changed with the galvanomirror 58, it reflects by the beam splitter 57, and the laser beam which had 
intensity modulated by the information on a recording medium is led to a detection system. In a 
detection system, detection of a read signal and the focus of a laser beam and the detection of a position 
gap of the optical axis direction of the probe 4 which were condensed with the object lens 7, and 
detection of a position gap of an optic axis and a perpendicular direction are performed. A position gap 
of an optic axis, a vertical laser beam focus, and the probe 4, be condensed with the lens 60 and be alike 
beam splitter 61 - it condenses with the lens 63 which condenses only to one way, for example, a 
cylindrical lens, to up to the quadrisection photodetector 64, and the divided laser beam is performed 
using the focal error detection system called what is called astigmatic method. The quadrisection 
photodetector 62 performs detection of a gap of the focus of a laser beam, the optic axis of the probe 4, 
and a perpendicular direction as follows. If the focus of a laser beam carries out a position gap at the 
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radial direction of the probe 4 and the disk 43, imbalance will arise in the sum signal of the detector A of 
a quadrisection photodetector, and the detector C, and the sum signal of the detector B and the detector 
D. Therefore, a position gap is detectable if the difference of these sum signals is used. On the other 
hand, if the focus of a laser beam shifts to the hoop direction of the probe 4 and the disk 43, imbalance 
will arise in the sum signal of the detector A of a quadrisection photodetector, and the detector B, and 
the sum signal of the detector C and the detector D. Therefore, a position gap is detectable if the 
difference of these sum signals is used. With the two-dimensional actuator 59 attached to the 
surroundings of an object lens, using these position gap signals a position gap of the focus of a laser 
beam and the optical axis direction of the probe 4, and a position gap of the hoop direction of the disk 
43, With the actuator to which inclination of the mirror 58 attached to the galvanomirror 58 is moved. 
The focus of an object lens can always be doubled with the probe 4, and near field light can be made to 
generate efficiently by amending a position gap of the radial direction of the focus of a laser beam and 
the disk 43 of the probe 4. Finally, for example as a recording medium formed on the disk, playback of 
recorded information is performed using the intensity of the sum signal of all the detectors of the two 
quadrisection detectors 62 and 64, when using a what is called phase change type recording medium and 
the concavo-convex recording medium only for playback. 

[0039]Next, positioning in this invention and servo technology are explained using drawing 13 . In 
drawing 13 , 65 to 71 shows seven in many code tracks formed on the disk. 72 is an address mark group 
which identifies a track number, differs for every track and detects on which track the probe 4 is located 
by this mark. The wobble mark 73 and the clock mark 74 are formed in each track. In the case of the 
record reproduction of information, the probe 4 moves upwards from under a figure in drawing 13 . The 
probe 4 passes through the wobble mark 73 top, after a clock is created through the clock mark 74. 
When the position of the probe has shifted from the track center, imbalance arises from two continuous 
wobble marks to a signal, the difference of these signals is taken, and it is considered as a tracking error 
signal. The actuator 49 is driven according to this error signal (supposing it is attached also in case of 
actuator 51), and alignment of the probe 4 is carried out to a track center. Since the object lens 7 
operates so that the focus of a laser beam may always be located on the probe 4 as mentioned above, the 
servo of it is followed and carried out to the servo operation of the above [ the focus of a laser beam ]. 
After the probe 4 passes through the wobble mark 73 top, it passes through the address mark 72 top, and 
it goes into up to the Records Department 75 which records information, and record reproduction of 
information is performed. 

[0040]Next, the seek operation to which the probe 4 is moved to the target track is described. In seek 
operation, the position which should record the information specified from the external control device, 
and should be reproduced is compared with the position of the actual probe 4 detected by the 
quadrisection photodetectors 62 and 64 from the system controller 47 of drawing 1 1 . Based on this 
comparison result, the positioning actuator 49 is driven (supposing it is attached also in case of actuator 
51), and the probe 4 is positioned on the predetermined track on a disk. At this time, the object lens 7 so 
that the focal position of a laser beam and the position of the probe 4 may be in an optical axis direction 
and a flat surface vertical to an optic axis and may not shift to the hoop direction of a disk, While a servo 
is carried out with the actuator 59, to the sun, it is not indicated at drawing 12 , but it is followed and 
moved to the slider 1 which carries a probe by the actuator made to move the flexible region 54 whole to 
the radial direction of a disk. The slider 1 and the flexible region 54 are very lightweight, and can 
shorten time which seeking takes for this reason just like [ usual ] a magnetic disk drive. 
[0041] Drawing 14 is a figure showing other examples of this invention. Draw ing 14 (a) is the example 
which was accumulated on the slider 1 and the object lens 76 gave. As the lens 76, the lens adapting 
diffraction gratings, such as a Fresnel lens besides the lens of the usual curved surface shape, can be 
used. Drawing 14 (b) is the example in which the semiconductor laser 77 and the photodetector 79 
besides the object lens 78 were carried on the slider 1. In this case, about the plane lens using diffraction 
gratings, such as a Fresnel lens, as the object lens 78, if a surface emission-type laser is used as a 
semiconductor laser, a device will become very small. In the example of drawing 14 (b), the focus of a 
laser beam and the mutual alignment of the probe 4 become completely unnecessary, and the optical 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 8/12/2009 



JP,11-265520,A [MEANS] 



Page 8 of 8 



head parts 53 and 54 indicated to drawing 1 1 and drawing 12 become unnecessary. If it has such 
composition, an equipment configuration turns into the completely same composition as the present 
magnetic disk drive, and can constitute very thin and small optical recording playback equipment. 
[0042] Drawing 1 5 is a figure in which a book shows the example of further others of an invention. 
Although the old example showed the example for performing detection of information using the 
catoptric light from a probe, draw ing 15 shows the example which uses the transmitted light from a disk. 
The regenerative signal from the information 12 is condensed on the detector 82 with the object lens 80. 
When using an optical magnetic recording medium as the optical recording medium 1 1 , it detects by 
inserting further the element 81 which controls the polarization direction of the transmitted light in front 
of the detector 82. 

[0043] Above, three pads were provided in the bottom of the slider 1 , and the one pad 2 of them is 
divided into four, and has explained the example in which the probe 4 of the pyramid type for near-field- 
light generating is formed in the center. Like drawing 16 , it is also possible to have still easier 
composition. In drawing 1 6 (a), the three pads 2 are formed in the bottom of the slider 1 . It approaches 
inside one of pads of it, and the probe 4 of the pyramid type for near- field-light generating is formed. It 
is possible to use the probe of the shape of a gap to be shown in drawing 6 from drawing 2 as the probe 
4. In drawing 16 , although the example of the risen [ to surface ] type slider corresponding to drawing 1 
was shown, it is also possible to use the contact type slider of drawing 7 . The probe 4 the pad 83 
installed by the probe 4 for near-field-light generating approaching like drawing 8 in dr awing 16 (b) and 
for near-field-light generating is formed in common foundation top of one 84, The height of the pad 83 
is an example currently designed smaller than the height from the slider bottom of other pad pads 3. In 
these examples, there is an advantage that the structure of a slider is easy and the production becomes 
easier. 



[Translation done.] 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 8/12/2009 



JP,1 1-265520,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a figure showing the example of the 1 st near field light head of this invention, and as 
for (a), it is a perspective view and (b) is a sectional view. 

[Drawing 2] It is a figure showing an example of the probe used by the near field light head, and, as for 
(a) and (b), a perspective view and (c) are sectional views. 

[Drawing 3] The perspective view showing other examples of the probe used by the near field light head. 

[Drawing 4] It is a figure showing other examples of the probe used by the near field light head, and, as 
for (a) and (b), a perspective view and (c) are sectional views. 

[Drawing 5] The perspective view showing other examples of the probe used by the near field light head. 

[Drawing 6] The sectional view showing the semiconductor laser probe used by this invention. 
[Drawing 7] It is a figure showing the 2nd example of this invention using a contact type slider, and as 
for (a), it is a perspective view and (b) is a sectional view. 

[Drawing 8] It is a figure showing the 3rd example of this invention, and as for (a), it is a perspective 
view and (b) is a sectional view. 

[Drawing 9] The figure showing the making process of various near field light heads shown by drawing 
8_from drawing 1 . 

[Drawing 10] Drawing 5 , the figure showing the making process of the near field light head of 6. 
[Drawing ll] The perspective view adapting the near field light head of this invention of optical 
recording playback equipment. 

[Drawing 12] The figure showing the details of the optical head part used by drawing 1 1 . 

[Drawing 13] The figure explaining the servo operation in the optical recording playback equipment of 

this invention. 

[Drawing 14] The figure showing other examples of the near field light head of this invention. 
[Drawing 15] The figure showing other examples of the optical recording playback equipment of this 
invention. 

[Drawin g 16] The figure showing the 4th example of the slider of this invention. 
[Description of Notations] 

1 [ -- A probe, 5 / -- Metal thin film, ] - A slider, 2 - A pad, 3 - A pad, 4 6 [ - Near field light, ] - The 
thin film for the prevention from wear, 7 — An object lens, 8 — A semiconductor laser beam, 9 10 [ — A 
probe, 14 / — Metal thin film, ] — A substrate, 1 1 — A recording medium, 12 — Recorded information, 
13 15 [ - Metal thin film, ] ~ Near field light, 16 — A surface plasma wave, 17 - A probe, 18 19 [ — 
Near field light, 23 / - Probe, ] -- A probe, 20 - A light-shielding film, 21 - An opening, 22 24 [ -- A 
probe, 28 / ~ Light-shielding film, ] - A light-shielding film, 25 ~ An opening, 26 ~ Near field light, 27 
29 [ ~ A light-shielding film, 33 / ~ Opening, ] - An opening, 30 ~ Near field light, 31 - A probe, 32 
34 [ « An opening, 38 / - Near field light, ] ~ Near field light, 35 ~ A probe, 36 ~ A light-shielding 
film, 37 39 [ ~ Base, ] « The thin film for wear prevention, 40 ~ Photoresist, 41 ~ FIB, 42 43 [ - 
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Connector, ] - A disk, 44 -- An axis, 45 ~ An interface, 46 47 - A system controller, 48 - A flexible 
region, 49 -- Actuator, 50 [ -- An optical head, 54 / -- An optical head flexible region, 55 / -- A 
semiconductor laser, 56 / - A collimate lens, 57 / - A beam splitter, 58 / ~ A galvanomirror, 59 / ~ 
Two-dimensional actuator, ] -- An arm, 51 - An actuator, 52 - A suspension, 53 60 [ - Cylindrical 
lens, ].-- A lens, 61 - A beam splitter, 62 - A quadrisection photodetector, 63 64 ~ A quadrisection 
photodetector, 65, 66, 67, 68, 69, 70, 71 -- Code track, 72 [ -- An information storage part, 76 / -- An 
object lens, 77 / - A semiconductor laser, 78 / - An object lens, 79 / - A photodetector, 80 / ~ An 
object lens, 81 / - A polarization controlling element, 82 / - A photodetector, 83 / -- A pad, 84 / -- 
Foundation. ] -- An address mark, 73 -- A wobble mark, 74 -- A clock mark, 75 
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DRAWINGS 

[Drawing 3^ 




[Drawing 1] 
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[Drawing 6] 
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[Drawing 7] ^ 
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[Drawin g 8] 
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[Drawing 11] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Claim(s)] 

[Claim l]An optically transparent slider which carries out relative motion contacting an information 
recording medium while maintaining an almost fixed interval, A pillar-shaped pad which is provided on 
a field of said information recording medium and said slider which counters, and controls contact of said 
slider and said information recording medium, or a state of surfacing, A near field light head, wherein it 
has a probe of cone shape which generates near field light of a minute spot size, and said pad and said 
probe approach and are formed. 

[Claim 2]The near field light head according to claim 1 to which height of said probe is characterized by 
being lower than height of said pad. 

[Claim 3]The near field light head according to claim 2, wherein an opaque thin film is optically formed 
on said probe. 

[Claim 4]The near field light head according to claim 3, wherein said thing [ that an opaque thin film is 
metal optically ]. 

[Claim 5]The near field light head according to claim 4 arranging so that said pad may surround said 
probe. 

[Claim 6]The near field light head according to claim 5 characterized by arranging said pad and said 
probe so that it may let a gap of a portion which said pad is divided into two or more portions at least, 
and was divided pass and may look down at said probe. 

[Claim 7]The near field light head according to claim 5, wherein it has further the opening which a 
structure of said probe exposed in a tip end part of said probe and said opening and the surface of said 
metal thin film have become it at the same flat surface mostly. 
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